In this paper, distribution of peeling stress in two types of adhesively-bonded joints is investigated. The joints are a single strap and a stiffened joint. Theses joints are under uniform tensile load and materials are assumed orthotropic. Layers can be identical or different in mechanical or geometrical properties. A twodimensional elasticity theory that includes the complete stressstrain and the complete strain-displacement relations for adhesive and adherends is used in this analysis. The displacement is assumed to be linear in the adhesive layer. A set of differential equations was derived and solved by using appropriate boundary conditions. Results revealed that the peak peeling stress developed within the adhesive layer is a function of geometrical and mechanical properties. FEM solution is used as the second method to verify the analytical results. A good agreement is observed between analytical and FEM solutions.
A number of studies have been conducted to analyze the stress distribution theoretically and numerically within the overlap length of adhesive layer. Ojalvo and Edinoff (1987) , investigated the effects of thickness of a single-lap joint under tension. They assumed peeling stress to be constant along the thickness. Their work showed that the peak shear stress occurs at the both ends of the overlap region. Hart-Smith (1973) , derived the iterative closed-form analytical solutions for singlelap adhesive joint which accounted for adhesive plasticity and adherend stiffness imbalance. Three distinct effects, bending due to eccentric loads, shear and peeling stress were covered in his analysis. He also studied a double-lap joint and showed that the effects of peeling stress are more pronounces in single-lap joints due to eccentric load path. Chuan her (1999) , presented simplified onedimensional models for single and double lap joints based on classical elasticity theory. He assumed shear deformation constant across the adhesive thickness. Shahin and Taheri (2009) , presented analytical treatment of the deformations in adhesively-bonded joints on elastic foundation with special attention to the specific case of adhesive joint between the face sheets of sandwich beams. They studied single-lap, stiffened and single strap joints using strain energy method. They applied cylindrical bending theory to determine some coefficients to calculate moments on edges. Lou and Tong (2008) , presented a novel formulation and analytical solutions for adhesively-bonded composite single-lap joint by taking into account the transvers shear deformation and large deflection in adherends. On the basis of geometrically nonlinear analysis for infinitesimal elements of adherends and adhesive, the equilibrium equations of adherends are formulated. They used Timoshenko beam theory to express the governing differential equations in terms of the adherend displacements. Their obtained solutions are applied to single-lap joints, whose adherends can be isotropic or composite laminates with symmetrically ups. They determined a new formula for adhesive peeling stress. Li et. Al. (1999) , performed a nonlinear two-dimensional finite element analysis to determine the stress and strain distribution across the adhesive thickness of composite single lap joints. They showed that the tensile peeling and shear stresses at the bond free edges change significantly across the adhesive thickness. Vable et al. (2006) , used boundary element method to study stress gradient in adhesively bonded joints. Their work included both single-and double-lap joints. Numerical results of single-and double-lap joints showed the potential of boundary element method in analysis of bonded joints. Zhao and Lu (2009) , developed a general two-dimensional analytical approach capable of providing an explicit closed-form solution for the calculation of elastic stresses in single-lap joint, Assuming linear distribution of a longitudinal normal stress in the joint thickness direction. By treating the adhesive layer in the same way as the adherends, the two-dimensional stress and strain distributions at any point, and the tensile force, shearing and bending moment at any cross section can be predicted accurately, in both the adhesive and adherends. Their analysis was based on a two-dimensional elasticity theory that both includes the complete stress-strain and the complete strain-displacement relationships for the adhesive and adherends. Their method was capable of satisfying all the boundary stress conditions of the joint, including the stress-free surface condition at the ends of the bondline. Sawa et. al. (2000) , analyzed single-lap adhesive joints of dissimilar adherends subjected to tensile loads as a three body contact problem using two dimensional theory of elasticity. They examined the effects of Young's modulus ratio between different adherends thickness, the ratio of the adherends length and the adhesive thickness on contact stress distributions at the interfaces. Temiz et. al. (2015) , used FEM to analyze behavior of bi-adhesive used in repairing of damaged parts. In a double-strap joint with an embedded patch, patch was embedded into the adherents for structural requirements. In addition, to increase the strength of the joint, two adhesives were used to bond the adherends. They used nonlinear finite element method to predict the failure loads to assist with the geometric design and to identify effective ratios of sizes to maximize joint strength. Shishesaz and Bavi (2012) had an investigation on void and debond effects in a double lap joint. For symmetric debonds and voids with relative lengths of 0.8, the same effects were observed. In a comparison for defects between single-lap and double-lap joints they reported that the increase in stress is higher in single-lap joint than in double lap joints. Karachalios et al. (2013) , studied the effect of defects on the strength of a single-lap joint with various adherend and adhesive materials. Two different types of adhesive were studied with different degrees of ductility since the stress distribution along the overlap depends on the adhesive's capacity to deform plastically. Steel adherends were used from low strength and high ductility to high strength. Rectangular and circular defects located in the middle of the overlap were studied. The artificial defect consists of a thin film of Teflon placed in the middle of the overlap, thus creating a disbond of the required size. When a toughened structural adhesive is used with a high-strength steel, there is an almost linear decrease in joint strength as the defect area increases. In the case of the brittle adhesive, the reduction in strength, as the defect size increases, is not proportional for small defect sizes, indicating that the end of the joint becomes more important due to local strains exceeding limiting values. Ghoddous and shishehsaz (2016) , investigated an adhesively-bonded stepped-lap joint suffering from a void within its adhesive layer. They used classical elasticity theory to determine shear stress field in the separated sections of the adhesive layer along the overlap length. They declared that the stepped-lap joint performed better in stress distribution with void rather than single-lap and double-lap joint.
In this paper, peeling and shear stress distribution in the middle of the adhesive layer and peeling stress field between adhesive and adherends in a single strap joint and a stiffened joint are studied. The adherends are orthotropic and it is assumed that the adherends have bending deformation beside longitudinal displacement. The adhesive layer shows shear defamation. Longitudinal and transversal displacement equations are considered as a linear function in the thickness direction. Shear stress is assumed to be constant across the adhesive layer and the layers can be either similar or dissimilar in geometry or mechanical properties. The analytical solution can satisfy the boundary conditions completely. Theoretical results are verified by FEM results which obtained from ANSYS software.
ANALYTICAL SOLUTION

Stiffened Joint
In a stiffened joint, an extra layer as a doubler is bonded to the primary layers and improves the strength of the joint. The layer causes moment in the joint and shear and normal stresses in the adhesive and adherends layer. The external tensile load is inline and there is no eccentric load. The joint is consisted of two composite layers with orthotropic structures. Mechanical and geometrical properties of theses layers such as thickness, Young's modulus and Poisson's ratio can be different.
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The model of the joint can be reduced to a two-dimensional model because the load is uniform and shear and normal stresses are not varied in the z direction. Figure 1 shows a model of the joint. From the equilibrium in x and y direction: From the moment equilibrium in layer 1 and 2:
is the shear stress in adhesive.  are peel stress between adhesive and layer 1 and 2 respectively. The relationship between force and moment in the layers with axial stress in x direction is:
From the elasticity theory and equilibrium:
The subscripts 1, 2 and 3 denote the upper adherend, lower adherend and adhesive, respectively. Substituting Equations 8-a, 8-b into 6 and using the Equations 1-a, 1-b, 2, 3 and 4:
Where,
Substituting Equations 9-a, 9-b into 8-a, 8-b:
Where, ( 1,2,3) 
Peeling stress and strain is derived from Equation 16 as follow:
( 1,2)
Where, 
( )
v is the transversal displacement for top surface of the layer 1. Transversal displacement between adhesive and layer 1 is derived by continuity of displacement and using Equation 21 as follow: 
Similarly
From continuity of displacements:
For longitudinal displacements:
( 1,2,3) 
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u is the displacement of top surface of layer 2 (bonded surface).
Using Equations 11 and 16: 2  3  2  3  2  2  2  2  2  2  2  3  2  2  2 2   1  ( 2 ) (2 3 1)
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Differential equations of transversal and longitudinal displacement are assumed to be linear in the 3  direction. 
Neglecting axial load in adhesive layer ( 3x  ), peeling stress in the middle layer of adhesive m  is derived in Equation 37. 
Where D=d/dx and ( 1, 2,...,11 
Derivation of Equations 39-a and 39-b and using Equations 2, 3 and 14 to eliminate derivation of shear force i dQ dx create two fifth order linear homogeneous differential Equations.
Shear stress distribution and peel stress distribution can be found by solution of Equations 40-a and 40-b.
In this type of joint layer 2 is under tensile load and layer 1 isn't subjected. Thus,
For the free surfaces of adhesive in its ends: Figure 3 shows edge loads in adhesive region.
For the boundary conditions of loads shown in figure 3: 
To determine the set of C coefficients four boundary conditions is needed.
As the joint symmetric:
Single Strap Joint
Single strap joint is consisted of three composite layer with orthotropic properties. It can be either symmetric or asymmetric in geometry and property. Figure 5 shows a two-dimensional model of a single strap joint. 
FINITE ELEMENT MODEL
The finite element method was used as the second method to verify analytical solution. A twodimensional model was created by ANSYS. Element PLANE 183 was chosen to mesh the geometry model. This high order eight-node element has two degrees of freedom at each node, (translation in the nodal x and y directions). External tensile load (0.6kN/mm) was applied to the right edge of Layer 2 and the left edge of this layer was constrained both in x and y directions. The adhesive layer is Epoxy and adherends are made of aluminum with their nominal mechanical properties expressed by table 1. The geometry of joint is reported by table 2. Figure 7 shows the meshed FEM model. 
RESULTS AND DISCUSSION
Derived analytical equations showed that geometry, material properties and load condition affect shear and peel stress distribution along the joint length. These effects are studied in this part beside comparisons of solution methods employed in the article.
Stiffened Joint
Peeling and shear stress in a stiffened joint are shown in Figure 8 and Figure 9 . Results of numerical and analytical method for stress distribution can be compared in the Figures. Figure 12 shows peeling stress distribution in the middle of adhesive layer of the single strap joint. Pay attention to the coordinate axis, where 0 x  . Figure 12 shows that the stress is near zero along the vast length of joint in the middle of adhesive and its peak is at the end of lower adherend by the centerline of joint.
Single Strap Joint
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Shear stress distribution in the adhesive layer (in its middle of thickness) along the overlap is depicted in Figure 13 . Shear stress distribution in Figure 13 declares peak of shear stress is near the internal edge of layer 2. Its value is about zero in along the 75% of overlap length. Shear stress at the left edge of adhesive is about 12% of the peak. Results show that two methods of solution are in good agreement but FEM is more conservative in estimating of maximum stress. It is observed that peeling stress that is tolerated by the joint between the upper adherend and adhesive is about zero along the overlap except the middle region of joint at the internal edges. In this region the peak stress is occurred. The stress field shown in Figure 15 has a similar shape to depicted field of Figure 14 but it is clear that the peak peeling stress between the upper adherend and adhesive is greater. Peak peeling stress between the lower adherend and adhesive is about 56% of its corresponding value for peeling stress between the upper adherend and adhesive. FEM method agreed analytical solution. In edges some incompatibility are observed and they are considered to be the result of stress concentration. 
CONCLUSION
A stiffened and a single strap joint were studied. The joints were under uniform tensile load and the layers behaved as linear elastic. The analysis were two-dimensional and elasticity theory was used to establish stress-strain and strain-displacement relations. Derived differential equations were solved using appropriate boundary conditions for each joint design. In a stiffened joint peeling stress between adhesive and the lower adherend was much more than its value between the stiffener and adhesive so the critical component in this joint design was lower adherend that tolerated the external load. Peak of shear stress and peeling stress in adhesive occurred at about the middle of the single strap joint near its centerline. Values were negligible in the other points along the length. Peeling stress between adhesive and adherends were greater than its value in the adhesive layer in both of the joints. FEM predicted a more conservative answer for shear and peeling in the single strap joint and was in a good agreement with analytical solutions for both of the joints. Finally
